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ABSTRACT

One way of comparing alternative deployment plans is to examine how combat
aircraft tasked within a deployment plan meet the combat commander’s requirements.
Both the absolute capabilities and the campaign-specific issues affecting the operational
capabilities of those aircraft could assess a set of combat aircraft, unique to a deployment
plan. This research develops a non-absolute, campaign-specific decision support tool to
assess the effect of campaign-specific issues on a set of deployable Air Force combat
aircraft.

This research is conducted in three phases. Cognitive Task Analysis (CTA) and
Multi-Attribute Preference Theory (MAPT) methodologies are applied to in-person and
telephone interviews with subject matter experts (SMEs) on USAF wartime planning.
The information is then consolidated to develop a Value Focused Thinking decision
support tool. This tool is developed with contingency planners at the United States Air
Force’s Central Command Headquarters. The decision support tool is verified through a
Delphi study with the previously identified SMEs.

The results of this research provide campaign planners with a decision support
tool to assist in selecting a set of USAF combat aircraft best suited to deploy in response

to a SWA Theater crisis, based upon the current environment within the SWA Theater.
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If1 always appear prepared, it is because before entering an undertaking,
I have meditated for long and have foreseen what may occur.
It is not genius which reveals to me suddenly and secrecy
what I should do in circumstances unexpected by others,
it is thought and preparation.
Napoleon Bonaparte




A DECISION SUPPORT TOOL TO AID CAMPAIGN PLANNERS

IN SELECTING COMBAT AIRCRAFT FOR THEATER CRISIS

I. INTRODUCTION

Background

The Advanced Logistics Project (ALP), a Defense Advanced Research Projects
Agency (DARPA) skunkworks, is currently developing a distributed computing
architecture that will create a near-real-time deployment planning process for military
forces. This deployment development and implementation architecture (computer
software program) will enable logistics planners from the US military services to quickly
and efficiently develop and implement a situation-tailored logistics plan. One important
issue that the ALP has not yet resolved is the ability of the architecture to choose a
particular logistics plan from among a set of similar alternative plans. Consequently,
ALP has requested the support of both the Air Force Institute of Technology (AFIT) and
the Air Force Research Laboratory (AFRL) to develop a methodology for rationally
measuring the relative contribution of each alternative deployment plan toward satisfying
a given combat commander’s time-phased campaign objectives. Both AFIT and AFRL
are taking a United States Air Force (USAF) focused view to the research. If a
methodology can be developed to rationally measure the relative contribution of
individually specific combat equipment to a particular deployment plan, then this
methodology should be expandable to incorporate not only USAF combat assets but

Army, Navy and Marine Corps combat assets.




One plausible method of assessing the relative contribution of a unique
deployment plan centers on the specific set of combat aircraft tasked within each
alternative deployment plan to meet the combat commander’s requirements. The purpose
of a USAF deployment plan is to provide the combat commander with the combat
aircraft, and necessary supporting equipment, to meet the required objective. Therefore,
a specific set of combat aircraft assets that is best suited to meet the needs of the combat
commander, versus other unique aircraft asset sets, would be one way of identifying the
best deployment plan. This, of course, assumes that each of the competing deployment
plans are otherwise similar and that all of the competing deployment plans could be
successfully implemented.

When comparing competing sets of combat aircraft assets, a first concern is
ensuring that the aircraft comprising the set are capable of performing the aerospace
missions required by the combat commander. Each specific combat aircraft has been
designed and developed with an absolute capability to perform one or more specific
aerospace missions. For example, the absolute capability of the F-15, C/D model is to
conduct Air Interdiction missions. The absolute capability of an F-16, C model,
however, can conduct Suppresion of Enemy Air Defense, Air Interdiction, and Surface
Attack missions, just to name a few. However, only looking at the absolute capabilities
of the combat aircraft within the asset set may not satisfactorily evaluate comparable
asset sets, as many of today’s USAF combat aircraft can be equipped to complete many
of the possible aerospace missions.

Therefore, a second method of comparing competing aircraft asset sets is to study

the situation dependent or confextual issues that may be specific to the campaign or




theater in which the aircraft asset set will be deployed. While each individual combat
aircraft asset may be specifically designed to complete certain aerospace missions,
regional or campaign specific issues may drive the necessity to complete aerospace
missions with less-than-optimal combat aircraft assets. Constraints placed upon US
forces by the host nation or at the staging base within host nation territory may keep
campaign planners from selecting certain combat aircraft. For example, host nation
political issues may restrict the presence or use of combat aircraft perceived to be
‘offensive’, or nuclear capable. Campaign specific issues such as these may be a very
important concern to the campaign planner in selecting the best aircraft to conduct the
required aerospace missions. Above and beyond the capabilities of specific combat
aircraft to complete aerospace missions, campaign specific issues may be an important
driver or limitation to specific sets of combat aircraft that can be deployed to meet a

theater crisis.

Problem Statement

Given that the Advanced Logistics Project will provide a methodology to quickly
develop a detailed deployment plan, campaign planners will have the opportunity to
compare multiple deployment scenarios and schedules. How would campaign planners
then choose between similar deployment plans? Different deployment plans may call for
the selection of different fighter and/or bomber aircraft assets. An assessment could be
based upon campaign specific or theater specific issues that may not be addressed by an
aircraft’s absolute capabilities, but would be nonetheless important to the satisfactory
completion of the operational missions required by that set of assets. A particular set of

combat aircraft, unique to an individual deployment plan, could be assessed based upon




both the absolute capabilities of the combat aircraft within the particular set and
contextual, campaign specific issues that could affect the mission capability of the
combat aircraft within the particular set. The focus of this research, then, is to assess the
contribution éf contextual issues as these issues would relate to and modify the absolute
capabilities of the aircraft assets in determining the relative merit, or value, of competing
sets of combat aircraft. This research will also develop a decision support tool to provide
an automated evaluation of situation dependent, campaign specific issues as they relate to

a Southwest Asian Theater, Air Expeditionary Force deployment.

Research Questions
To successfully complete this research project, the following questions must be
answered:
1. What factors other than absolute aircraft capabilities should campaign planners
consider when selecting a specific set of combat aircraft to counter a theater threat?
2. How are these factors quantified?
3. What relationships link these factors to each other?
4. Based on a Southwest Asia scenario, what is the relative importance of each factor

with respect to the others?

Methodology

This research is conducted in three phases. The first two phases include in-person
and telephone interviews, conducted with subject matter experts (SMEs) on USAF
wartime planning and deployments, using Cognitive Decision Making (CDM) and Value-

Focused Thinking (VFT) methodologies. Using the information gleaned from these first




two phases of the research, a Value Focused Thinking decision support tool is developed.
This tool is developed with contingency planners at the United States Air Force’s Central
Command Headquarters (CENTAF). The third and final phase of the research verifies

the decision support tool through the use of a Delphi study with the previously identified

SMEs.

Assumptions

This thesis research is limited to a United States Air Force, Southwest Asia
(SWA) Theater Expeditionary Air Force combat deployment.

The environment in which the military conducts its business is constantly
changing, primarily the result of changing international politics and world economics.
The findings and conclusions of this research are therefore based on current international
politics and business practices, and may not be valid in a different world order. While
U.S. forces currently choose to take the lead in international military issues, a shift of our
national forces to a supporting role under United Nations (UN) or North American Treaty
Organization (NATO) lead campaigns may alter U.S. planning processes. Furthermore,
the factors used in the decision support tool have been developed primarily through SME
opinion and expertise with respect to a SWA campaign, so the issues and relative
valuations obtained here may not apply in another scenario or theater. Because of the
joint focus of our forces under complementary missions, it is hoped that the
methodology, findings, and conclusions from this Air Force focused research can provide
a basis for further research with respect to campaign planning in other theaters and within

the other branches of service.




Scope/Limitations

Because of the need to main secrecy within the planning of military operations,
portions of Concepts of Operations and Operating Instructions may be classified. In
order to keep this effort unclassified, research conclusions will only be considered within
the scope of unclassified information.

The focus of this research is to examine the issues or factors not tied to the
absolute capability of USAF combat aircraft to perform specific aerospace missions that
would affect the deployment suitability of particular aircraft assets to counter a theater
threat. Because of this, the absolute capability of each individual USAF combat aircraft
is not considered or studied.

Furthermore, campaign specific issues, not tied to the absolute capabilities of
combat aircraft assets, may vary from theater to theater; therefore, this decision support
tool research focuses only on the SWA Theater. The Expeditionary Aerospace Force
concept was developed largely because of ongoing commitments in the SWA Theater.
Therefore, campaign planners within today’s Concepts of Operations can most
effectively apply a decision support tool based upon the SWA Theater. However, the

campaign specific issues identified in this research may be important in other theaters.

Summary

This chapter provides the motivation behind the development of a United States
Air Force campaign-specific decision support tool to help campaign planners select the
best mix of combat aircraft to deploy in response to a theater crisis. One way of
comparing alternative deployment plans is to examine how well the specific set of

combat aircraft tasked within each deployment plan meets the combat commander’s




requirements. A particular set of combat aircraft, unique to an individual deployment
plan, could be assessed based upon both the absolute capabilities of the set’s combat
aircraft, and the campaign specific issues that could affect the operational capabilities of
the combat aircraft. This research develops a non-absolute, campaign specific decision
support tool that can be used to assess the effect of campaign specific issues on any
candidate set of deployable Air Force combat aircraft.

Chapter II reviews deploying issues as well as the tools and techniques used to
elicit information from subject matter experts for developing decision support tools.
Chapter III describes the methodology used to elicit deployment factors and develop the
decision support tool. Chapter IV develops the decision support tool, and Chapter V
provides conclusions and discusses the applicability of the developed decision support
tool to both on-going AFIT/AFRL and ALP deployment planning work and Air Force

operations planners.




II. LITERATURE REVIEW

INTRODUCTION

The primary mission of the campaign planner is to provide the Joint Air
Component Commander with a satisfactory set of combat aircraft to meet required
aerospace missions. A set of USAF combat aircraft, or asset set, is defined for the
purposes of this research as any combination of fighter and/or bomber aircraft that have
the absolute capabilities to satisfy the combat requirements of the Joint Air Component
Commander, Joint Forces Commander, and or Theater Commander. When selecting a
set of USAF combat aircraft to deploy, campaign planners must take into consideration
many unique political, economic, and social considerations, as well as national and
international goals. The decisions of these planners may ultimately decide the outcome
of the conflict. As this task involves high stress, short time constraints and international
politics, experienced planners are essential.

This chapter begins with a presentation of the methodology behind Cognitive
Task Analysis and Cognitive Decision-Making methodologies, and why these
methodologies were selected. Next, a discussion on Multi-Attribute Preference Theory
and Value Focused Thinking and why these methodologies were selected, follow the
discussion of cognitive methodologies. This chapter continues with an analysis of the
Delphi study technique, which is an iterative survey and reply method that is used to
obtain feedback and agreement on the planning factor decision support tool. An
explanation of why this methodology was selected is also presented. This chapter
concludes with an analysis of the current operational status of USAF deployment theory,

and the current level of detail on planning factors presented within Air Force and Joint




Doctrine. Air Force and Joint Doctrine is used as the foundation for understanding of the

planning factors that drive the selection of combat aircraft under crisis action planning.

IDENTIFYING THE BEST METHODOLOGY TO ELICIT ISSUES FROM
EXPERTS

Several interviewing methodologies were studied to determine which method best
suited the initial identification of campaign-specific issues. Knowledge of these issues is
limited to a select group of individuals. Furthermore, understanding of how the
campaign-specific issues are interrelated and how these issues could be qualitatively
measured requires the aid of individuals with experience and knowledge of campaign
planning. To identify these campaign-specific issues from campaign planning experts,
three elicitation methods were identified for possible use. The first method was the
formal survey. The second method studiéd was the Traditional Task Analysis. The third
method identified for use in this study is the Cognitive Task Analysis methodology.

THE FORMAL STUDY

A formal Air Force survey is normally developed, approved by Air Force
Personnel Command, and then mailed to an identified group of participants. A survey
consists of specific questions, usually developed to be answered using either ranges
(worst to best), multiple choice suggestions, or fill-in-the-blanks. Formal surveys often
take several weeks to be approved, then over a week to reach all of the participants, and
finally several weeks after that to see any responses. In addition to this time constraint,
most formal surveys receive responses from at most one-half of the total number sent
[Steele; 1999]. A formal survey was not selected as the method to obtain the views and

experience from campaign planners.




The formal survey was discounted for three reasons. First, the purpose of the
study is to obtain views and experience, which may not be concisely captured in a formal,
static survey. The way in which the questions are asked may not elicit the responses
necessary to develop a solid decision support tool. Secondly, due to the time
requirements of a formal survey, multiple rounds of questions, if necessary to obtain
understanding of the issues, would not be feasible. Finally, a formal survey was
discounted because of the small number of expert (rank of Major to Colonel) campaign
planners actively conducting planning operations.

TRADITIONAL TASK ANALYSIS

Traditional job or task analysis provides a deep understanding of individual jobs,
their behavioral requirements, and target performance, which help to create a better
understanding of how the individual employees within an organization should function.
Traditional task analyses study job tasks in relation to behavior responses that must be
made to each stimulus encountered, emphasizing item-specific knowledge [Seamster et
al., 1997; pg 5]. First, the specific job must be defined, to include task requirements and
people requirements [Cascio, 1998; pg 133]. Descriptions of the job are useful only to
the extent that they accurately represent job content, environment, and conditions of
employment [Cascio, 1998; pg 137]. The primary method of defining jobs and the
specific tasks of these jobs is through direct observation. Using this method, the research
would require the unobtrusive observation of an actual real-world or exercise campaign
planning process. This method is primarily suited for jobs that require a great deal of
manual, standardized, and short-cycle activities, and inappropriate for jobs that require a

great deal of mental activity and concentration [Cascio, 1998; 139-140].
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The traditional task analysis was discounted for three reasons. First, the
methodology emphasizes the behavior of workers performing specific tasks. The focus
of this research is on the identification of issues that workers, in this case campaign
planners, must appreciate when performing their duties. The focus is therefore
completely on the task and not on the behavior of the worker. Secondly, the task of
campaign planning is not generally a rigorously manual activity. Conversely, the purpose
of this study is to identify campaign-specific issues that require concentration and mental
capability to resolve. Lastly, there was not any opportunity during the period of this

research to attend either a real-world or exercise campaign-planning operation.

COGNITIVE TASK ANALYSIS

Today’s professions often require a level of knowledge and skill that may not be
achievable without years of training and practice. However, under many circumstances it
is not simply the years of training and practice that make an individual qualified. Often
times, organizations look for individuals who have wisdom and experience within their
field that cannot be simply memorized from a textbook. Human thought and behavior
have a direct impact on the capabilities of an individual, but may be outside the normal
perception of job duties. For instance, an airport traffic controller may make hundreds of
critical decisions regarding the flow and order of incoming and outgoing aircraft, all of
which may go unnoticed to a casual bystander or a trainee. Cognitive Task Analysis
(CTA) can be used to study these non-observable skills and cognitive activities. For
example, CTA methods can be used to record the air traffic controller’s performance and
translate or transform it through a systematic process such as speeding up, slowing down,

or coding it so a perceptible pattern emerges [Seamster, 1997: pg 25]. The resulting
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information or patterns can be used to better understand these non-observable skills or
cognitive actions of experts, allowing trainees to learn and improve their performance
more quickly than would otherwise be experienced. Therefore CTA methods were
selected to perform the first phase of this research.

Methods for CTA occupy a central position in cognitive science, whereby
researchers work to uncover the underlying knowledge and thought processes that make
experts more valuable than novices. CTA can be used to form inferences about non-
observable cognitive activities through the development of an accurate picture of the
tasks and environment in which they are performed. According to Klein et al., [1997: pg
1], task analysis methods usually provide a listing of the steps to be followed, but on top
of those steps are the difficult and critical decisions that operators must make under
restraining conditions. We can therefore see that decision requirements are not limited to
choices between options: they can include judgments, situation assessments, and
problem-solving activities. CTA methods were selected to perform the first phase of this
research. Because experience is a key issue, CTA methods can be applied to elicit
information from experienced planners that can then help planners of all levels of
experience to make better decisions. Furthermore, a decision support tool can be
developed from this cognitive data.

In recent research into the abilities of workers, Ericsson and Charness [1994: pg
725-747] found that expert performance results from increases in knowledge and skill
acquired through work and practice. As one might assume, extended training and
practice develop and refine memory processes and content in such a way that advances

expert performance. Ericsson and Charness’s theory of skilled performance provide the
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basis for the allowance that CTA can be used to form a more complete understanding of
expert performance.

A portion of CTA involves working with contextual experts to determine how
they perform cognitive tasks in a superior fashion, but not all contacts need to be actual
experts. Analysts performing CTA are collecting information that can uncover strategies
that an operator might not be able to articulate [Klein et al., 1997: pg 3]. Useful
information can be gleaned from all levels of expertise. By comparing the novice with
the expert, the unique characteristics of the expert become more evident [Seamster, 1997
pg 27]. Experts and novices (at a particular task) use knowledge differently. Recent
research has found that novices focus on perceptual aspects, whereas experts make
deliberations on what they see [Wezel et al., 1996: pg 359]. Experts try to figure out the
consequences of certain combinations. Through the understanding of these different
levels of knowledge, expertise, and cognitive reasoning, practical training and
understanding can be obtained. Routine incidents can often be handled automatically, so
the participants, no matter the level of expertise, may not be aware of the types of
judgements they were forced to make [Klein et al., 1997: pg 4].

Cognitive Task Analyses are typically conducted in stages to improve
manageability and integration of information about sub-tasks within the overall job
[Seamster, 1997: pg 43]. Through stage analysis, many cognitive components of a large
job can be successfully documented and understood. CTA is not a single methodology
applied to the solution of a single problem. Rather, CTA comprises a set of analytic
methods and techniques that vary on a number of dimensions, including the kind of data

that they produce. CTA includes methods to elicit, analyze, and represent information
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about cognitive processes required for proficient task performance [Seamster, 1997: pg
64]. Researchers must select and apply the technique most appropriate for their specific
project; often this requires a combination or synthesis of several techniques. When
choosing the technique or combination of techniques, a number of important factors must
be considered. These factors include the time available to the researcher to conduct the
study, the budget allotted to complete the research, accessibility to subject matter experts,
and data collection, analysis, and validation methods. The analysis and comparison of
these factors to the type of cognitive task to be studied leads to the selection of the

analysis method [Seamster, 1997: pg 43-61].

IDENTIFYING THE BEST CTA METHODOLOGY TO ELICIT ISSUES FROM
EXPERTS

Three CTA methodologies were identified for possible use within this research.
The first methodology is the Verbal Report method. The second methodology is the
Simplified Precursor, Action, Result, and Interpretation (PARI) method. The third CTA
methodology studied is the Cognitive Decision-Making methodology.
VERBAL REPORT METHOD

The Verbal Report method asks the subject matter expert to provide a running
commentary of the actions, re-actions, and thoughts either while conducting the job or
after the job has been completed. These verbal descriptions of actions and thoughts are
usually recorded for later analysis. Using these recordings, analysts can make inferences
about cognitive processes based on the knowledge the subject matter expert articulates
during these reports. This type of analysis, if conducted with a number of experts, could

identify the campaign-specific issues in question. Unfortunately, there were not any
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opportunities to study campaign planners during a campaign planning exercise, nor could
the campaign planners be asked to spend time writing down their last campaign planning
experience. A group of planners may not have had the same experience in planning
campaigns; some may have planned deployments for combat operations while others may
have planned deployments for humanitarian efforts. The variability of historical planning
and the available time these planners could be required to spend documenting their

actions proved the Verbal Report method to be infeasible for this research.

SIMPLIFIED PARI METHOD

The PARI methodology is based on a structured interview process designed to
elicit a high level of skill detail. A simplified PARI methodology was adopted by
Seamster et al. from the full PARI’s time-intensive methodology for us in an operational
environment [Seamster et al., 1997; pg 72]. The simplified PARI analysis is based on a
structured interview, consisting of problem solving in an operational context. Rather than
having an expert talk about performing a task to the researcher, two experts talk to each
other while the interviewer watches and listens. While one expert poses a task-specific
problem, the other expert solves the problem. Usually the researcher is one of the
experts. This method is best suited to tasks that have procedural tasks, such as
maintenance operations or computer trouble-shooting. For these jobs, there is usually a
specific order in which individual tasks are carried out sequentially.

The simplified PARI methodology was not used for two reasons. First, this
researcher does not have the expertise or background knowledge to participate in a PARI
analysis, not is the knowledge present to develop a campaign planning scenario with

sufficient detail to identify the campaign-specific issues sought. Secondly, the PARI
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methodology is best suited to jobs that consist of procedural tasks. Analysis of
campaign-specific issues may not necessarily be an ordered task; therefore the PARI
methodology is not the best method to use within this research.

CRITICAL DECISION METHOD

The CTA method used in this research is the Critical Decision Method (CDM).
CDM is a semi-structured interview technique, developed by Klein, Calderwood, and
MacGregor in 1989 through the continuation of Flanagan’s critical incident technique.
CDM is a retrospective interview strategy that applies a set of cognitive probes to actual
nonroutine incidents that required expert judgment or decision-making [Klein et al.,
1989: pg 464]. The interviewing strategy can be used to elicit information about
decisions made by experts in any number of field settings. Decision making and problem
solving are complex cognitive tasks requiring substantial skills. These tasks lie at the
heart of proficient performance and serve to guide the overt motor behaviors that are the
meat of traditional task analyses [Seamster, 1997: pg 78]. These decisions often depend
on subtle perceptual cues and assessments of rapidly changing events that could not be
easily described. Interviews and probes enable experts to focus on and document aspects
of job activities and performance that is normally only tacitly understood. This method is
used successfully in a number of studies and in widely diverse domains [Roth, 1992; pg
1163]. For these reasons, the CTA method best suited to develop a decision support tool
based upon the cognitive knowledge of experts is CDM. The following section discusses
the Critical Decision Method as it applies to obtaining cognitive knowledge through
interviews with subject matter experts.

The CDM focuses on the previous experiences of subject experts and applies

cognitive probes to elicit the expert’s decision strategies, perceptions, operational cues,
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and errors. The CDM is usually applied through a ‘storytelling’ interview, guided by the
interviewer. Often, interviewers can successfully incite the interviewee into detailing job
information through telling a story about the job. This method puts the interviewee at
ease about the level of complexity of the interview, and information is often brought to
light that may not have been identified had the interviewee been simply asked to point
out specific requirements of the job. Knowing the overall type of information needed to
conduct the research, the interviewer guides the expert through a particular activity or
incident. The interviewer may need to ask numerous questions to extract sufficient
information to develop a situation. The interviewer will then use this situation as a
framework from which to probe decisions, judgments, and problem solving. One of the
most challenging and important aspects of the interviewer’s work is to get the respondent
to answer the question posed. If the interviewee gives an incomplete answer or
misunderstands the question, then it is the interviewer’s responsibility to get the
interviewee back on track through careful, neutral techniques [Interview Research
Manual, 1976: pg 15].

The CDM interview generally consists of four sweeps through an incident or
activity. As might be assumed, the first sweep captures the story of the activity. During
this section of the interview, the expert relates, in his or her own words, a particular
incident that required skill or expertise. This section helps the interviewer to understand
the dynamics of the incident, and to determine whether the incident itself is suitable for
further examination. The second section of the interview is generally used to develop a
timeline for the activity. This section helps to map out the sequence of events within the

activity. Inconsistencies, if found, can be identified and discussed. Through the
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discussion of activity events in chronological order, more detailed and specific
information can be obtained from the interviewee. In the third section of the interview,
the interviewer uses cognitive probes to elicit more detailed information regarding
decision points. These cognitive probes examine goals, cues, expectancies, courses of
action, and required information. During the fourth section of the interview, the
interviewer reviews the activity and documentation to discuss any errors; either errors
committed by the expert or hypothetical errors that might be committed by people with
less experience [Seamster, 1997: pg 185].

While it may seem easy to let the interviewee describe personally experienced
incidents, relying on strictly personal experiences can hamper the analysis of
performance on more than one incident. It is different to make comparisons among
multiple experts when the data collection process probes a unique incident for each
interviewee. Exposing subject matter experts to a standard scenario and eliciting their
decisions and actions within this scenario can enable the analyst to study the scenario
itself.

The issues of reliability, validity, efficiency, and utility of CTA and the CDM
have been discussed at length by Hoffman, Crandall, and Shadbolt. Through their
research, a case study of the CDM is pursued, proving that the method can be effectively
applied as an elicitation method of cognitive requirements for any number of tasks
[Hoffman et al., 1998].

Once the campaign-specific issues have been identified through cognitive
analysis, these issues should be combined in such as way that the end product provides a

net benefit to the campaign planner. The best methodology for assisting the campaign-

18




planners in making better decisions lies in Decision Analysis methodology. The next two
sections of this chapter discuss the field of decision analysis and the methodology chosen
for this line of research.

IDENTIFYING THE METHODOLOGY TO CONDUCT A QUALITATIVE
ANALYSIS OF THE ISSUES

"Although decision analysis (DA) provides structure and guidance for systematic
thinking in difficult situations, it does not claim to recommend an alternative that must be
blindly accepted" [Clemen, 1995; pg 4]. This statement summarizes the purpose of the
application of decision analysis techniques in the identification and analysis of campaign-
specific issues. For this research, continuing cognitive based analyses does not suffice.
While CTA principles provided an excellent methodology to identify the campaign-
specific issues in question, CDM does not lend itself to qualitative decision support tools.
However, decision analysis methodologies can be implemented to provide qualitative
analysis of issues, whether deterministic or variable.

Most decision analysis techniques revolve around the comparison of alternatives,
and the tradeoff between multiple competing objectives. DA is being used to focus the
research on evaluating the possible issues that a campaign planner must consider when
selecting combat aircraft in response to a theater crisis, and how these issues will impact
unique sets of combat aircraft. A competing objective for campaign planners could be
the tradeoff between sheer quantity of firepower and the amount of lift required to deploy
the equipment necessary to deliver the firepower. The most important final result of the
analysis, however, is not an exact answer to the problem, but instead a ranked ordering of

possible sets of assets that can be used to assist the campaign planner in making better
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decisions more efficiently. It is for these reasons that Decision Analysis was selected as
the methodology to continue the analysis of the campaign-specific issues into the

development of a qualitative decision support tool.

IDENTIFYING THE DECISION ANALYSIS METHODOLOGY

Several DA methodologies were initially identified to determine which method
best suited the development of the campaign-specific issues into a decision support tool.
The first method identified was the Advanced Hierarchy Process (AHP). The second
method studied was Value Focused Thinking.
ADVANCED HIERARCHY PROCESS

AHP was developed in 1977 as a decision aid to .help solve unstructured problems
in economics, social, and management sciences. The methodology enables decision-
makers to structure a complex problem in the form of a simple hierarchy and to evaluate
large number of quantitative and qualitative factors in a systematic manner under
conflicting multiple criteria [Cheng et al., 1999; pg 423]. Use of the AHP methodology
involves breaking down a complex problem into small constituent elements and then
structuring the elements into a hierarchical form. A series of pairwise comparisons is
then made between elements to a ratio scale. The foundation of this methodology deals
with individual scales of judgements; comparing several expert's views and judgements
made lead to an inconsistent decision support tool. As rankings of the elements are based
on verbal values such as "Good" and "Very good", comparing elements is often
confusing if not impossible. The decision support tool, as developed, must be easily

learned and applied by individuals who are otherwise naive to mathematical

20




methodologies. For these reasons, AHP was discounted as the methodology for the

development of qualitative measures for the campaign-specific issues.

VALUE FOCUSED THINKING

The one essential element of a decision is the existence of alternatives; if you do
not have alternatives, you do not have a decision problem [Kirkwood, 1997: pg 2]. In
many of today’s complex business and operating environments, decision-makers are
faced with choosing between several alternatives to maximize one or more objectives.
Value Focused Thinking [Keeney, 1992: pg 55] is a very useful technique for decision
situations involving multiple and conflicting objectives. Value Focused Thinking (VFT)
structures the decision-maker’s values and develops a multi-objective decision analysis
tool that can be used to both identify alternatives that create value, and to evaluate
alternatives. "With value-focused thinking, you should end up much closer to getting all
of what you want" [Keeney, 1992; pg 4].

At the heart of Value Focused Thinking is the value hierarchy. Values provide a
foundation of interest in any decision situation. Value hierarchies serve as graphical
representations of the important considerations that decision-makers will take into
account and use to determine the relative value of competing alternatives.

Value hierarchies are used as guides for information collection, to help identify
alternatives, to facilitate communications, and to evaluate alternatives [Kirkwood, 1997:
pg 19-23]. There are several accepted methods to developing hierarchies. Kirkwood
identifies either a bottom-up or a top-down approach as acceptable [Kirkwood, 1997: pg
19-23]. In the bottom-up approach, alternatives are known and can be examined to

determine how they differ. Grouping the differences in alternatives together into higher
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and higher tiers forms higher level values [Kirkwood, 1997: pg 19-23]. A similar
approach, called the Silver Standard, identifies and names individual tasks that the
organization performs. The named tasks can be grouped together in affinity diagrams
and then structured into different value hierarchy tiers [Parnell et al., 1998: pg 1340].

The top-down approach can be used when alternatives are not well specified.
Values are built starting at the highest tier and are then broken into successively lower
tiers. Typically, information for this method comes from mission, vision or strategic
documentation. This process is called the Gold Standard in the development of a value
hierarchy [Parnell et al., 1998: pg 1338]. The Gold Standard can be effectively applied
when the organization’s top decision-makers can be interviewed.

In either approach described by Kirkwood, values are placed in the hierarchy if
and only if value scores for a particular alternative would change the ranking of that
alternative in respect to the other alternatives [Kirkwood, 1997: pg 19-23].

An evaluation measure, often referred to as an attribute, is used to measure the
degree to which an objective or a value has been obtained [Kirkwood, 1997: pg 12].
Evaluation measures provide quantitative measures for the decision. The evaluation
measure converts a quantity from its particular units to a common set of units, thus
allowing the many attributes to be combined into a single measure of merit or benefit. A
value hierarchy combined with evaluation measures and the weights is a value model.
Generally, a value model combines many measures into a multiple objective value
function to measure an alternative’s attainment of the fundamental objective. Careful
development of an evaluation measure is required if it is to provide correct insight to the

decision-maker.
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According to Keeney, important attributes are those that can be measured and
embody appropriate implicit value judgements. They measure what the decision-maker
is interested in and do not measure other items. Ambiguity can occur if the attribute
levels are not well defined [Keeney, 1992: pg 113]. The clairvoyance test can be applied
to help determine whether a measure is ambiguous or not. If a clairvoyant could foresee
the future with no uncertainty, that clairvoyant should be able to unambiguously assign a
score to the outcome from each alternative in the decision problem [Kirkwood, 1997: pg
28]. If one person assigns a level to an attribute, another person should be able to
interpret the attribute level with no loss of information [Keeney, 1992: pg 116]. If the
evaluation measure is ambiguous, it will not be understandable.

Kirkwood identifies four different types of scales for measuring values in value
hierarchies. A scale can be either natural or constructed, and can be either be direct or
proxy. Natural scales are those in general use that have a common interpretation.
Constructed scales are developed specially for a particular measure. Direct scales are
used to measure the quantity examined. Proxy scales are correlated with the quantity
measured, but actually measure something different than the value being quantified
[Kirkwood, 1997: pg 24]. Constructed attributes exactly measure what the objective is
meant to address. Proxy measures reduce the number of attributes needed for a decision
and simplify descriptions of the consequences [Keeney, 1992: pg 118-121].

Measurement theory generally acknowledges five scale classifications. These
scales, in order of increasing information, are nominal, ordinal, interval, ratio, and
absolute. Table 1 presents the scales, in increasing order of information, along with their

definition, common allowable transformation, and example.
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TABLE 1 — Measurement Scale Types and Definitions

SCALE DEFINITION ALLOWABLE EXAMPLE
TYPE TRANSFORMATION

Nominal | Completely arbitrary Any one-to-one Team jersey numbers

Ordinal Order preserved Monotonically increasing/decreasing | Traffic Quality

Interval | Arbitrary units and origin | Positive Linear (a*x +b) Temperature (°C or °F)

Ratio Natural zero Multiplication by scalar Temperature (°K)

Absolute | No choice of unit or zero | Multiplication by identity Counting (1,2.etc.)

In decisions involving certainty, three types of functions are often used to define
an attribute. These functions are piecewise linear functions, exponential functions
[Kirkwood, 1997: pg 62-68], and discrete functions [Clemen, 1996: pg 80]. Kirkwood
provides an exponential function and a piecewise linear function written in Microsoft
Excel Visual Basic for converting raw scores to value [Kirkwood, 1997: pg 78-81].
Kirkwood also provides detailed implementation methodology for evaluating value
models in Microsoft Excel [Kirkwood, 1997: pg 75-81]. This research methodology
makes extensive use of Kirkwood’s spreadsheet-based technique.

The single dimension value function converts a quantity being measured into
value. Value is typically measured between 0 and 1, but can be measured from either O
to 10 or 0 to 100 depending upon the desires of the decision-maker [Kirkwood, 1997: pg
61]. Whichever scale used, it must be used for all measures within the value model.

Within the context of this research, a straw model of deployable combinations of
combat aircraft has been developed as a part of the Air Force Institute of Technology/Air
Force Research Laboratory research [Swartz, 1999]. Within this straw model, two basic
aircraft have been identified: a bomber, with two potential configurations; B-A and B-B;
and a fighter, with three potential configurations; F-A, F-B, and F-C. Certain

configurations of the different aircraft can provide higher or lower levels of absolute
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capability with respect to completing aerospace missions required by the theater
commander. Using these combat aircraft in their possible configurations, unique asset
sets, containing different quantities of the combat aircraft in their possible configurations
can be developed. These unique asset sets can then be analyzed, based upon their
absolute capabilities and their campaign specific goodness, to determine which asset set
best satisfies the theater commander’s requirements.

The purpose of the multiple objective value function within this research is to
select the best available alternative based upon the values identified. Scoring alternatives
is straightforward, but can be time consuming. Each unique deployable combat aircraft
set will have a score that falls within the assigned range of each value function. For each
evaluation measure, each set of combat aircraft will be given a value from 0 to 1
depending upon the single dimension value function. Some measures within the value
hierarchy will actually be constraints. For these measures, the combat aircraft set will
either receive a multiple objective score of 1, denoting it passes the constraint, or a
multiple objective score of 0, denoting it does not pass the constraint.

The method of swing weights is commonly used to assess the weights for the
values in a hierarchy, although other methods are available and often applied [Clemens
1996: pg 546-552: Kirkwood, 1997: pg 68-70]. The swing weight method is a thought
experiment whereby the decision-maker can directly compare individual attributes by
imagining (typically) hypothetical outcomes [Clemens 1996: pg 547]. Each tier of values
or measures in the value hierarchy is considered individually. It is very important to keep
in mind the range of scores for each particular measure; a change in the range of a

particular measure can change the rankings of each alternative [Kirkwood, 1997: pg 58-
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59]. To determine weights, the decision-maker or the decision-maker’s representative is
asked to rank the measures from least important to most important. The ranges for each
measure are then studied singularly. The measures will be studied by “swinging” the
value of the measure from its lowest to its highest value. The measures can then be
compared. The decision-maker or representative will be asked to define the amount of
“swing” (from lowest to highest value) that measure “A” would need to equal the
“swing” of measure “B” from its lowest to highest value. Given this question, the
decision-maker or representative should give a value of importance, or weight, between 0
and 1 for measure “A” compared to measure “B” as shown in (1),
0.75A=B ¢))

In this example, the entire range of measure “B” is equal to 75 percent of the entire range
of measure “A.” This process continues until there is one less equation than the total
number of categories. The final equation required is the summation of all measures to 1.
At this point, there is a solvable system of equations with an equal number of equations
and unknown measures.

After alternatives are scored and weights are assessed for the values, all values are
combined into a single multiple objective value equation. The most common method of
accomplishing this is to use an additive value function. The additive value multi-

objective function is defined as:
v(x,) = Zwi *v, *(x,) (2)
i=1

Where x is the overall evaluation objective, x;, is the raw score of attribute i, v; is the
single dimension value function, w; is the weight of importance placed on attribute 7, and

n is the total number of evaluation measures. Keeney, Kirkwood, and Clemen all discuss
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the necessary and sufficient conditions for using an additive value function with value
hierarchies [Keeney, 1997: pg 132-138: Kirkwood, 1997: pg 238-239: Clemen, 1996: pg
579-580]. Mutual preferential independence of attributes or evaluation measures is
required before using an additive value function under conditions of certainty. Both
Clemen and Kirkwood provide formal testing procedures for mutual preferential
independence [Clemen, 1996: pg 580-582: Kirkwood, 1997: pg 238-239].

Kirkwood recommends that the results be rank ordered after the values (in this
research for sets of deployable combat aircraft) have been identified. Among other tools,
a graphical representation of each value’s contribution in the hierarchy is a useful tool in
presenting the importance of individual measures [Kirkwood, 1996: pg 76-81].

Sensitivity analysis on the weights can be performed to determine the weighting
levels that will change the alternative rankings and can determine what the changes in
policy would be. If alternatives are insensitive to meaningful variation in weights, further
research is unnecessary. If measure weightings are sensitive, analysis of the weights can
be focused on specific alternatives or groups of alternatives [Kirkwood, 1997: pg 82-85].
Sensitivity analysis is performed by changing the weight of a single evaluation measure,
while holding all other weights to the same ratio as the developed case. All weights for
an evaluation measure tier must sum to 1. Therefore, weights can often times be varied
from 0 to 1. Kirkwood provides specific guidance on the implementation of sensitivity
analysis in a Microsoft Excel spreadsheet [Kirkwood, 1997: pg 82-85].

No decision support tool is completed or useful to a decision-maker if it has not
first received approval from the decision-makers themselves. Without buy-in from the

decision-maker, a decision support tool is useless at best. Across a spectrum of campaign
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planning experts, a consensus on the viability of the decision support tool would best
serve to validate the model. The following section describes possible methodologies, and
the method selected to obtain constructive feedback and a consensus on the developed

decision support tool.

IDENTIFYING THE METHODOLOGY TO OBTAIN CONSENSUS OF THE
DECISION SUPPORT TOOL

Several methodologies were initially identified to obtain a consensus of the
decision support tool from campaign planners. The first method considered was the
formal survey, to be sent to campaign planning experts. However, the same
considerations that discounted this methodology from being used in the identification of
the issues kept this methodology from being used to obtain consensus of the decision
support tool. The second method considered involved structured telephone interviews,
coupled with e-mail documents sent to the experts to provide a visual medium with which
to conduct the interview. This method would take considerable time to administer, and
would not allow a compilation of thought between the subject matter experts polled.
Also, documentation of the telephone interviews would be difficult to maintain direct
quotation of the expert interviewed. The third methodology identified is the Delphi study
methodology. For the reasons described in the following section, the Delphi study was

implemented to obtain consensus of the developed decision support tool.

DELPHI STUDY TECHNIQUES
The basic notion, theoretical assumptions, and methodological procedures of the
Delphi technique originated in the 1950s and 1960s by Dr. Olaf Helmer and Norman

Dalkey at the RAND Corporation as a method to obtain long-range forecasts. Since then,
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the technique has been used in numerous situations that require creative solutions to a
problem [Oxenfeldt, 1978: pg 167]. The technique is based on a structured process for
collecting and distilling knowledge from a group of experts by means of a series of
questionnaires interspersed with controlled opinion feedback [Adler, 1996: pg 3].
According to Dalkey, the rationale and use of the Delphi Method represents a systematic
effort to make the most of what is, admittedly, an unsatisfactory situation, and to try and
obtain the relevant intuitive insights of experts and use their informed judgement as
systematically as possible [Adler, 1996: pg 4].

The Delphi technique uses controlled feedback to reduce the amount of
extraneous material or noise that would otherwise inhibit the process [Breaux, 1997: pg
17]. Dalkey defines noise as "irrelevant or redundant material that obscures the directly
relevant material offered by participants" [Dalkey, 1967: pg 3]. As part of this feedback
process, the researcher filters out irrelevant data and summarizes any and all pertinent
information obtained from the participants. The summarized information is then returned
to the elicitation group in successive iterations in an effort to arrive at a final solution or
conclusion [Dalkey, 1968: pg 3-4]. Each group member's justification and reasoning for
the answer provided is included in the summarization (with anonymity upheld). This is
provided "to simulate the experts into taking into due account considerations they might
through inadvertence have neglected, and to give due weight to factors they were inclined
to dismiss as unimportant on first thought" [Brown, 1968: pg 3,6].

The Delphi technique has several advantages over other information elicitation
techniques. A key advantage is anonymity. In a typical group environment, a single,

dominant individual can oftentimes sway individual opinions. Subordinates may also not
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want to cause problems with their superiors by bringing up potential problems. The
Delphi technique eliminates the effects of a dominant individual because the responses
from all participants are anonymous [Brown, 1968: pg 2-3]. Another advantage of the
Delphi technique is convenience. Experts within a specific field of study can be
contacted and included at virtually any location in the world, as long as they can receive
and send communications [Oxenfeldt, 1978: pg 167]. A third advantage offered is the
minimization of pressure to conform to the group. A statistical group response is
included as part of the summaries provided to the group participants. However, since
minority views can be included in the final result, there is no group pressure to
compromise [Brown, 1968: pg 6: Dalkey, 1967: pg 3-4]. This removal of group pressure
eliminates a major bottleneck in most group dynamics by providing opportunities for a
clear delineation of differing views in a non-threatening environment [Adler, 1996: pg 7].
In almost every application of the Delphi Method, two distinct phases can be
identified. The first is defined as the exploration phase, whereby one or two series of
questionnaires are used to fully explore and elicit additional information regarding the
subject in question. The key to this phase is ensuring all members of the expert group
understand the aim of the Delphi study, understand the terminology and methods used,
and are actually competent and confident in the material under study. Expert group
members do not need to be experts in Delphi techniques to accomplish the tasks required.
The second phase, or evaluation phase, usually involves the process of assessing
and gathering the expert group’s views on various ways of addressing the issues of the
study. It is important to note that the views obtained from the expert group may not

necessarily form a consensus; disagreements and differing views on the subject in
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questions may be just as useful to a better understanding of the issues surrounding the
study. The evaluation phase is generally conducted within one or two series of
questionnaires following the evaluation phase. Group experts are usually asked to rank
items and to establish preliminary priorities among items of discussion. This can help to
prioritize items of agreement and disagreement among group experts as well as identify
issues requiring further explanation.

The determination of appropriate experts and group size are also important
preliminary requirements to the Delphi technique. Experiments carried out in the 1950s
and 1960s show that there is an improvement in the quality of the group outcome with
increasing group size, to a certain threshold [Adler, 1996: pg 14]. Above this threshold,
including additional experts provides only a marginal benefit to the distillation process.

Expertise is usually a key requirement in selecting members for a Delphi panel.
The purpose of using experts specific to the aim of the study is to elicit responses and
solutions to the study that are more meaningful than if just anyone participates in the
study. Selection of these experts is generally not conducted as a matter of personal
preference; rather, it must follow explicit criteria depending upon the aims and context
within which the Delphi process is to be carried out [Alder, 1996: pg 14]. Potential group
members must have knowledge and practical engagement with the issues under
investigation. Potential group members must also have the capacity and willingness to
contribute to the study conducted. As with any writing intensive activity, potential group
members must be able to clearly express themselves through written communication.
Academic qualifications should not preclude a potential group member from the study,

unless the aim of the study specifically requires such requirements.
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To increase the chances that a study group will be creative and synergistic in
thinking, the group should be united in their effort to accomplish their task. One simple
method to help accomplish this synergy and creativeness is to use a straw model. A
straw model is a conceptual model of the group’s task. It defines the parameters of the
task and presents a perspective on how the task can be accomplished [Adler, 1996: pg
43]. This model need not be complete, and it may include inaccuracies or omissions in
information. The straw model helps to make a group aware of the areas where they must

concentrate their efforts and to provide a target for a group to accomplish.

Why do campaign planners need a decision support tool to assist them in
identifying and managing campaign-specific issues? This section discusses the current
state of Air Force operations as implemented through the Air Expeditionary Force
concept. The current concept of operations shows the need for campaign planners to
obtain a decision support tool that will improve the efficiency and effectiveness of

campaign planning, leading to the deployment of the right assets to meet the mission.
CURRENT STATE OF AIR FORCE OPERATIONS

"Global Engagement: A Vision for the 21st Century Air Force" is the result of an
18-month long-range planning effort [Global Engagement WWW paper]. Since
November of 1996, Global Engagement has succeeded "Global Reach-Global Power" as
our air force's strategic direction into the next century, providing the vision behind how

our air forces will fight.
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During the Cold War, the well-manned stateside Air Force concentrated on
generating and launching aircraft from the continental United States (CONUS) to
reinforce the significant number of forces well established in the European or Pacific
theaters. As a result of the end of the Cold War, the need for significant forward
presence to deter Communist forces diminished. As seen during ever other time of
relative peace, the United States made dramatic reductions in its number of armed forces.
Most of these forces came from overseas locations, significantly drawing back our global
presence. However, as our nation's forces were drawing down and back, Iraqi aggression
made it clear that we still must be able to strike quickly and with decisive force to any
location. According to Global Engagement, CONUS-based forces will become the
primary means for this expedient power projection and crisis response.

The new vision of our Air Force is built upon six core-competencies: air and
space superiority, global attack, rapid global mobility, precision engagement, information
superiority, and agile combat support. Air and space superiority not only brings our
forces freedom from attack, but allows us to dominate the other person's airspace. This
dominance provides further freedom to attack targets across enemy territory while
denying sanctuary to enemy forces. If we have air and space superiority, our forces will
then naturally want to be able to precisely engage the enemy. Precision engagement goes
beyond precision weapons to include precision airlift, aerial resupply, and the precision
that comes from decisively attacking an adversary's command and control system at the
right place and at the right time. Global attack, rapid global mobility, and agile combat
support go hand-in-hand. The Air Force must be able to hit targets while operating from

CONUS bases, but must also be able to provide expeditious deployment and sustainment
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around the world. Information superiority entails being able to both defend our

information systems and attack the enemy's.

AEF/AEG CONCEPT

The key to US global dominance is the ability to project power quickly any polace
in the world. The Air Expeditionary Force (AEF) and Air Expeditionary Group (AEG)
concepts have become the primary Air Force tools for realizing the Global Engagement
vision of CONUS-based crisis response and action. According the Secretary of Defense
William S. Cohen, the primary AEF mission is to provide regional commanders in chief
(CINCs) and Joint force commanders with vital air and space forces. These forces can
carry out wide ranging airpower options, meeting specific theater needs across the full
spectrum of military response options [Cohen, 1998]. The AEF/AEG concept fits nicely
within the core competencies of the Air Force. According to Brigadier General William
R. Looney III, the AEF makes the final transition from a force founded on the strategy of
forward-based presence to one built on the vision of global engagement [Looney, 1996:
5]. An AEF is an airpower package that usually consists of 30 to 40 aircraft. This
package is developed to provide theater commanders with rapid, responsive, and reliable
airpower capabilities and options that meet specific theater needs [Looney, 1996: 6]. The
goal of the AEF is to launch combat sorties in-theater 48 hours after an 'execute order' is
issued and then sustain combat airpower for the duration of the conflict or crisis. A
typical AEF package comprises 30 aircraft; 12 air superiority, 12 strike, and six
Suppression of Enemy Air Defense (SEAD) fighter aircraft [Looney, 1996: 6]. This
package was later increased to 36 aircraft by adding an additional six SEAD fighter

aircraft [Godfrey, 1998: 1]. However, due to the variable and unforeseeable nature of
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enemy actions and theater requirements, AEF packages can be tailored to meet specific
needs and threats. Tanker, Cargo, and Bomber assets can be added as needed or required.
Bomber assets can be provided from either CONUS based locations, or deployed to a
forward location, near the threat, that is capable of taking these aircraft.

The Chief of Staff of the Air Force, General Michael Ryan, set a target of 1 Oct
99 to initiate the AEF concept across the Air Force. Currently, two of the 10 AEF force
packages sit on what is similar to alert status, rotating every 90 days. These two AEFs
will then stand-down to a training and recovery status for a period of 12 months, while
other AEFs stand alert. The two AEFs will then stand back up on alert, completing the
15-month cycle.

If an AFEF is called to deploy, the tasked units plan for a seven-day operation
[Katzaman, 1998: 1]. During this operation, the AEF will provide a quick, sustained,
initial strike capability, designed to halt (or at least delay) the advance of an enemy
[Godfrey, 1998: 2]. As the AEF is engaging the threat, CONUS based forces are
preparing to complement or reinforce the AEF forces.

The question of the proper mix of required fighter and bomber aircraft is of
critical importance to the theater commander. Under the example of a typical AEF
package, the threat may be able to be satisfied with an enhanced squadron of F-16s.
Another threat however may require a significant presence of bomber aircraft. In
determining which aircraft should be called upon to meet the threat, the aircraft selected
must be able to meet the required missions. Thus, it is the campaign planner's
responsibility to meet the needs of the theater commander with the best possible set of

combat aircraft for the least cost possible. The selection of aircraft must be based on not
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only the absolute capabilities of the aircraft, but the campaign-specific considerations that
may limit the capabilities of those aircraft.

The next section discusses current campaign planning operations. This research
focuses on developing a decision support tool to aid campaign planners in selecting the
best value set of combat aircraft to deploy in response to a theater crisis. To develop a
tool that improves current campaign planning operations, the current state of campaign

planning must be discussed.
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PLANNING FOR WAR

At both national and departmental levels, various processes and systems have
been developed to handle the complex problems of setting strategic direction,
determining national military policy, requesting resources to execute that policy, and
translating the funded military capability into military operations. The joint planning
process is one link in a long and complex chain. The purpose of joint operation planning
is to use the military element of national power effectively to protect U.S. interests. Joint
planning is a process, a systematic series of actions or procedures, used by a commander
to determine the best method of accomplishing assigned tasks [JSOG, 1997: para 500].
The Joint Operation Planning and Execution System (JOPES) is the integrated,
conventional command and control system designed to satisfy the information needs of
senior decision-makers in conducting joint planning and operations. The Joint Planning
and Execution Community (JPEC) use JOPES to conduct joint planning during peace and
crisis. Joint operation planning must be coordinated through all levels of the national
structure for joint planning and execution, including the National Command Authority
and the JPEC. The focus of JOPES is centered on the combatant commanders, who use it
to determine the best method of accomplishing desired or assigned tasks and direct the
actions necessary to accomplish the mission. During Crisis Action Planning (CAP),
JOPES facilitates the rapid development of effective options and operation orders
through the adaptation of approved operation plans. JOPES is also an effective
management tool for the execution of operations across the spectrum of mobilization,

deployment, employment, sustainment, and redeployment [JSOG, 1997: para 506].

37




JOPES implements policies, procedures, personnel, and facilities by interfacing
with automated data processing systems currently available on the Global Command and
Control System. JOPES supports senior-level decision-making through the staffs at the
NCA level and throughout the JPEC.

JOPES planning is based on both requirements and capabilities. Military planners
use forces and resources identified in orders from the Joint Chiefs of Staff, Service
documents, and approved operations plans and orders. JOPES identifies the required
level of forces and resources to accomplish the mission, and then compares them to
actual forces and resources available based upon current availability and other
commitments. If adequate forces and resources cannot be provided to the required level,
planners conduct a risk analysis, adjusting the Commander-in-Chief’s (CINC’s) concept
of operations to an acceptable level of risk.

Four Chairman of the Joint Chiefs of Staff Manuals (CJCSM) describe the
operation and use of JOPES. Two of these manuals provide information relevant to this
research. CJCSM 3122.01 (Joint Pub 5-03.1), Joint Operation Planning and Execution
System Volume I (Planning Policies and Procedures), unclassified, describes the policies
and procedures governing the joint conventional deliberate and crisis action planning
processes under JOPES. CJCSM 3122.03, Joint Operation Planning and Execution
System Volume II (Planning Formats and Guidance), unclassified, examines operation
plan formats and gives guidance for joint conventional planning and execution under
JOPES. Joint Publication 3-56.1, Command and Control of Joint Operations,
unclassified, and Joint Publication 5-00, Doctrine for Planning Joint Operations,

unclassified, provide crisis action planning guidance from a joint perspective.
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The functional structuring of joint operation plans in JOPES annexes and
appendices is not specifically directed to the unique organizational structure of each of
the military services. Because of this, the Air Force requires additional functional
annexes to those prescribed in JOPES. Air Force Manual 10-401 Volume I, Operation
Plan and Concept Plan Development and Implementation, unclassified, and Air Force
Manual 10-401 Volume II, Planning Formats and Guidance, unclassified, provides
JOPES focused planning information from a more specific USAF perspective. It is ’
interesting to note that USAF planning guidance, while ‘air-centric,” does focus on the
need to strategically plan from a joint perspective. Air Force Doctrine Document 2,
Organization and Employment of Aerospace Power, as well as information from Air
University’s Joint Doctrine Air Campaign and Contingency Wartime Planning Courses,
provide additional information on planning requirements and issues specific to the Air
Force.

Joint Publication 5-03.1, Joint Operation Planning and Execution System Vol I
(Planning Policies and Procedures), provides information that commanders should
address when planning the deployment of forces in response to a crisis situation. Crisis
situations are generally classified as small, less then major-theater-war scale operation
that may require force as all other political and diplomatic options are failing. A recent
example of a crisis situation was Kosovo in the Spring 1999, where combat aircraft were
required to deploy, conduct, and sustain combat operations.

The review of joint publication 5-03.1, particularly Chapters 3, 5, and Annexes C,
D, and P, was useful in the development of the initial value hierarchy by this researcher.

In Annex C, the Chairman of the Joint Chiefs of Staff sends a warning order to
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operational forces that may be required to deploy. The warning order will provide
information on the type of missions required, political considerations present in and
around the enemy location, enemy capabilities and current operation, and host-nation
considerations. Annex D, the Commander’s Estimate, provides the theater commander
with the opportunity to add additional information that may or may not be present in the
warning order. Annex P provides further information on the development of the
Commander’s Estimate. This information may include the required operational
capabilities needed to engage the crisis, staging base considerations, and more detailed
enemy capability information. The theater commander normally will provide his staff,
subordinate commanders, and supporting commanders with pertinent initial planning
guidance to permit work to begin on developing the theater commander’s strategic
concept [JPUB 5,03-1, 1993: pg 269]. The staffs use this guidance to begin developing
the Staff Estimates that will be used to form the Commander’s Estimate. Typical data
provided in preliminary guidance such as the Commander’s Estimate includes
characteristics of the area of operations, enemy capabilities, the mission statement,
assumptions, special weapons, political and psychological considerations, tentative
courses of action (COAs), and a proposed planning schedule.

Air Force Doctrine Document 2, Organization and Employment of Aerospace
Power, provides complementary guidance to JPub 5-03.1 on deliberate and crisis-action
planning. Campaign plans allow theater commanders to set operational tempo, direct the
conduct of battles, envision objectives, develop concepts, and coordinate logistics to
achieve victory. Planning combat operations revolve around precise communication of

commander’s intent and a shared, clear understanding of the appropriate operational

40




concepts at each level of command. The Joint Air and Space Operations Plan (JASOP)
and supporting plans, developed in coordination with the Joint Air Component
Commander and Joint Forces Commander (JFC), state how the air commander conducts
theater air and space operations. This is the heart of what is colloquially called ‘the air
campaign.” The JASOP is developed during the concept development and plan
development phases of deliberate planning, as the foundation of an OPLAN or
CONPLAN; or during the execution planning phase of crisis action planning, in concert
with overall theater campaign planning. Developing the JASOP involves a five-stage
planning process, with each stage producing a product. While the stages are presented in
sequential order, work on the various stages can be either concurrent or sequential. The
first stage of JASOP development is directly relevant to this research.

Operational environment research focuses on gaining a comprehensive
understanding of the entire theater of operations, the adversary, and friendly forces
available to accomplish the JFC’s objectives. Issues that must be considered during this
stage include available forces, command relationships (national and multinational), threat
and force protection requirements, rules of engagement, applicable treaties and
agreements, base-use rights, and overflight rights. Available support from allies and the
degree of political and social stability in the region are also important to study.
Additionally, appropriate logistics information is acquired concerning what is available in
theater and what is provided through existing ports, depots, war reserve materiel, and
host-nation support. Finally, a detailed intelligence picture is developed that includes

indications and warning, current intelligence, general military intelligence, target
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intelligence, and a complete analysis of enemy, neutral, and friendly forces and potential
courses of action.

Following the guidance of JPub 5-03.1 and Air Force Doctrine Document 2, the
specific types of contextual issues examined during the crisis action planning process are
incorporated into an initial hierarchy of issues. This developed hierarchy of issues,

presented as Figure 1, is the foundation upon which this research is conducted.

Contextual Factors

Enemy Staging Base
Ability/Capability
Multi-National Location
Politics Characteristics
US Forces Host-Nation
Mobility Resources Capabilities
Operational Capabilities Support

FIGURE 1: Initial value hierarchy.

Six top-level issues are identified, each of which is discussed in both JPub 5-03.1
[JPub5-03.1, 1994; pg P-1 to P-6-5] and AFDD 2 [AFDD 2, 1998; pg 76]. The US
Forces and Host-Nation issues are expanded to include sub-issues relevant to the

capability of our forces to conduct combat operations in the theater.
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SUMMARY

This chapter reviews current Air Force and Joint documentation on planning
factors considered when selecting combat aircraft to deploy in response to a crisis.
Threats can vary significantly; therefore, theater commanders must be able to tailor their
response to the current threat. The methodological tools and techniques appropriate for
this research are also reviewed. Interviewing techniques based upon the Cognitive Task
Analysis theory, a tool to understand the cognitive requirements of individuals involved
with a task or decision, are presented and explored. Value Focused Thinking, a
methodology to assist decision-makers in making better decisions, are also reviewed.
The Delphi Study technique, a tool for eliciting group conformity on a specific topic or
subject, is presented and discussed. The next chapter describes the methodology behind
the deployment planning factor elicitation interviews, the development of the Value
Focused Thinking decision support tool, and the Delphi study used to confirm the

decision support tool and determine weights for the value analysis.
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III. METHODOLOGY

The methodology for this research consists of three phases, as shown in Table 2

below.

TABLE 2: RESEARCH METHODOLOGY PHASES

Phase I Cognitive Task Analysis Interviews
Phase I1 Value-Focused Thinking Decision Support Tool Development
Phase III | Delphi Study Decision Support Tool Confirmation

Phase I of this research, and the literature review on campaign planning, are
conducted to answer research question 1, What factors other than absolute aircrafi
capabilities should campaign planners consider when selecting a specific set of combat
aircraft to counter a theater threat? Research questions 2 and 3, How are these factors
qualified, and What relationships link these factors to each other, respectively, are
answered by Phase II of this research. Phase III focuses on answering research question
4, Based on a Southwest Asia scenario, what is the relative importance of each factor
with respect to the others?

Phase I applies a cognitive task analysis (CTA) to experts in Air Force combat
deployment planning, in order to develop a comprehensive list of planning considerations
or decision points that campaign planners must consider when deploying combat aircraft.
Phase II takes the information gleaned from the Phase I CTA and develops the decision
points into a quantitative, value focused thinking (VFT) decision support tool. This
phase is conducted by interviewing campaign planners and staffers at Air Force Central
Command. Phase III uses a Delphi study to obtain agreement from the individuals

studied on the factors defined and develops weights of importance, relative to each other,

44




within the VFT decision support tool. The development and operation of these three

Phases are presented within this chapter.

PHASE I - CTA STUDY
OBJECTIVES OF CTA

The objective of the Cognitive Task Analysis is to elicit campaign-specific
planning considerations or factors, not tied to the absolute capabilities of individual
USAF combat aircraft, that campaign planners and theater commanders must take into
account when groups of combat aircraft are selected to deploy. The CTA serves to
confirm and expand the Base Value Hierarchy developed through the literature review of
Joint and Air Force campaign planning publications and doctrine. This expanded value
hierarchy provides the basis for the development of a campaign-specific, combat aircraft

selection, decision support tool.

OBJECTIVES OF COGNITIVE DECISION MAKING USE

The Cognitive Decision-Making (CDM) analysis, discussed in Chapter II, is used
to elicit campaign-specific issues from subject matter experts. These issues can be
described as points in the campaign planning process where critical decisions, decisions
that a novice would have sufficient difficulty overcoming, may be required. The
presence and severity of these issues may hamper the selection of a specific set of combat

aircraft.

JOB DESCRIPTION, PRIMARY TASKS, AND TASKS ANALYZED
When campaign planners perform their crisis action planning function, they are

often constrained by time and operate under immense pressure. Crisis action planning
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requires a significant level of knowledge and understanding of the planning and
deployment process. The purpose of the CTA is to study this cognitive portion of the
planning process in an effort to provide campaign planners with a tool that identifies
possible issues and constraints that may plague a deployment plan. This tool can help
campaign planners to maintain awareness of these issues and constraints, whereas they
may otherwise go unnoticed during the development of the plan due to time and

operational constraints.

PARTICIPANT SELECTION

Twenty Air Force officers knowledgeable in deployment operations, through both
experience and training, were interviewed. These subject matter experts (SMEs) were
selected from Aerospace Operations offices of Air Combat Command and Air Staff,
campaign planning instructors from Air University, and campaign planners from Air
Force Central Command. These individuals hold the rank of major through colonel; all

have a presumed level of experience in deployments and planning.

MATERIALS

A Bullet Background Paper (BBP) [Tongue and Quill, 1995; pg 137] is developed
as a pre-talker for the interview. This paper is given to each interviewee at the start of the
interview and is briefly discussed to acquaint the interviewee to the subject. The BBP is
presented as Appendix A.

The BBP is developed following the CDM interview method described by Klein
et al. [Klein et al., 1997: Pg 2]. Klein discusses how CDM interviews need to focus in on

a specific task or set of tasks. The course of the interview should move from a general
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overview of the task or set of tasks to specific details on the cognitive requirements of the
individual task or tasks. The BBP is developed in order to provide the interviewee with a
brief description of the basis for this research, an overview of how the interview is
conducted, the objectives of the interview, based upon Klein et al. methodology, and to
provide contact information for the research. The description section discusses the
evolution of the Expeditionary Air Force concept and how this research came to light.
The interview overview section provides the interviewee with a focus for the questions
that are asked during the interview. A review of this section assists the interview process
by focusing the interviewee on the areas of knowledge and expertise that are relevant to
the interview. The final contact section of the BBP provides the interviewee with
information on how to contact the researcher if the interviewee has any additional
information or questions regarding the interview or the research in general.

A narrative for the interview is developed to assist the interviewer in conducting
the interview. The narrative is developed in the image of Klein et al. Methodology, and
provides the interviewer with a summary of the important points to hit during the
interview as well as a short list of probes to use to elicit knowledge and understanding of
the decision points. The interview narrative is presented as Appendix B. The narrative is
developed to assist the interviewer in maintaining the specific focus of the interview
goals, which is to identify the non-technically driven issues that campaign planners have
historically considered when selecting combat aircraft to respond to a theater crisis.

A base value hierarchy, used during the interview, is developed using the initial
value hierarchy presented in Figure 1 of Chapter 1 of this document and through

discussions during OPER 649, Advanced Decision Analysis, at the Air Force Institute of
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Technology (AFIT). This base value hierarchy is presented as Figure 2. The objective of
the OPER 649 class is to develop the Value Focused Thinking Decision Support tool,
which is discussed in Phase II, Value Focused Thinking Decision Support Tool. LTC
Jack Kloeber, USA, conducts the course. During this course, several evolutions of the
initial Campaign-specific Issue value hierarchy led to the development of the CTA study
value hierarchy shown in Figure 2.

Comparing the initial value hierarchy and the CTA study value hierarchy, many
obvious differences are noted. First, the CTA study value hierarchy is developed to
better represent the motivation behind the value hierarchy; many separate issues must be
considered in order to determine the aircraft asset set that provides the best value, or
worth, to the theater commander. Host-Nation and Multi-National Politics, given top-

level values in Figure 1, have been incorporated together in Figure 2.

Campaign Specific Issue Hierarchy

Best Value
Asset Set
Per Phase

I

Ll
Mitigating ' Mission i
Factors Goodness
T
" I I
Regional Staging Base Location Operat:onal Enem
Considerations Considerations Characteristics Ablhty/Capablhty
Political Airfield Topography Ability to Cross-
Constraints over Missions

Multi-National Climate/W eather

Heterogeneaty vs.
Com patibility Homogeneaty

Runway Length

I Weight Capacity |

Ramp Space

Key: \
Muniti
] -- Measures JPUB 5-03, elicitation)

_______
POL

i -- Measure obtained from algorithm

_______

N -- Constraints (JPUB 5-03, elicitation)

FIGURE 2: CTA study base value hierarchy.
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The Host-Nation and Multi-National Politics issues are combined because it is believed
that they are similar in their focus on the location of the theater. The Staging Base value
is expanded based upon the civil engineering experience of the researcher, and through
discussions in the OPER 649 course. At this point, the Airfield issues: Runway Length
and Weight capacity, as well as Ramp Space, are identified as constraints. These issues
may prohibit a particular set of assets from bedding down at a pre-determined staging
base if the staging base cannot support the physical characteristics of the aircraft in the
asset set. Munitions Storage Area (MSA) and Petroleum, Oils, and Lubricants (POL)
issues are added based upon their importance to of)erational requirements at the pre-
determined staging base. Depending upon the capabilities of the staging base with
respect to MS4 and POL issues, the operational cdpability of the combat aircraft within a
unique asset set may be hampered. Location characteristics are also expanded to provide
a better description of the types of issues studied. ‘Through OPER 649 discussions, as
well as discussions with Major Alan Johnson, USAF, and Major Steve Swartz, USAF,
both assistant professors at AFIT, it is determined that both fopography and weather or
climate characteristics at the location of the pre-determined staging base may be
important issues. Based upon the analysis of the initial value hierarchy, the US Forces
factor is removed from the CTA study hierarchy. The Operational Capabilities factor is
a direct analysis of the absolute capabilities of the combat aircraft, which is outside the
scope of this research. Therefore, this factor is re-located to the top tier values on the
CTA study hierarchy, adjacent to the Mitigating Factors. Mission Goodness is defined
under this study as the absolute capabilities of each individual type of fighter and bomber

aircraft to complete specific aerospace missions defined by both Air Force Manual 1-1
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and Air Force Doctrine Document 2-1. Mobility resources, important to the capability of
USAF forces to complete specific aerospace missions, are also outside the scope of this
research. Therefore, this issue is removed from the CTA study hierarchy. Mobility
resources will be specifically studied in the larger scope of the AFIT and Defense
Advanced Research Projects Agency research with the Advanced Logistics Project.
During the CTA interviews, the value hierarchy is used only to motivate the
interview if the interviewer feels that the interview is not progressing satisfactorily. Poor
interview progress is of primary concern if the interviewee either does not understand the
issues important to the research, the interviewee can not think of any issues early in the
interview, or the interviewee is not responsive to the questions as they are presented. The

value hierarchy that is used for these interviews is presented as Figure 2.

CTA PROCEDURES

The interview is developed using the “Interviewer’s Manual” [Interviewer’s
Manual: pg 15] and CDM interview technique [Klein et al., 1997: pg 2]. Probes are used
to elicit insightful information from the subject matter experts (SMEs). The use of
probes in unstructured interviews serves two major functions. First, probes help to
motivate the interviewee to communicate more fully, enabling the interviewee to enlarge
upon, clarify, or explain the reasons behind what is said. Secondly, probes help the
interviewee to focus on the specific content of the interview so that irrelevant and
unnecessary information can be avoided. The interviewer’s most important concern is to
ensure that probes are used without introducing bias into the interviewee’s discussion of
the issues. The Interviewer’s Manual [Interviewer’s Manual: pg 15-18] and numerous

articles on CTA and CDM discussed in this paper provide possible probes useful in CDM
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analyses. Probes, as detailed and presented by Klein et al., [Militello, 1998: pg 1622] are
used during the CDM interviews. An interview script, discussed earlier, is used to assist
the interviewer during the interview and to ensure the interview itself was kept on track
with the research goals.

The interviews follow a modified CDM methodology. The interviewees are first
presented with a Southwest Asia Theater, Air Expeditionary Force deployment scenario.
The interviewees are then asked to speak to their knowledge and understanding about
deploying combat aircraft under this scenario. This allows the interviewee to become
acclimated to the topic of discussion and to the level of operational experience and
knowledge polled. During this portion of the interview, the interviewee is allowed to
relate the problem to situations that he or she has experienced first-hand. Comments
based upon hearsay are ignored. Using the modified CDM methodology, the interviewer
should try to keep the interviewee motivated to continue his or her discourse throughout
the interview. Before individual interviews are concluded, the interviewer should attempt
to obtain clarification on points that may have only been previously touched on, confirm

or deny unclear comments, and elicit any further comments.

PHASE 1II - VALUE FOCUSED THINKING STUDY

OBJECTIVES

The Value Focused 